Background: VEGF is critical in the pathogenesis of malignant pleural effusion (MPE). To understand the clinical benefits of antiangiogenic agents, the efficacy of chemotherapy containing bevacizmab was investigated in patients with lung adenocarcinoma-induced MPE. Methods: The data of lung adenocarcinoma patients with MPE treated with bevacizumab plus chemotherapy on day 1, every three weeks, for ≤ 6 cycles was retrospectively collected. Patients who achieved a response or stable disease were administered bevacizumab as maintenance therapy until progression. The primary outcomes of the study were MPE response rate (RR), MPE control rate, and pleural progression-free survival (PPFS), while the secondary outcomes were PFS, overall survival (OS), changes to the lung volume and thoracic cage, and safety profiles. Results: A total of 21 cases were collected, and all were evaluable for response, including 15 chemotherapy-naïve patients and 6 who experienced relapse. The median cycle of treatments was 7 (1-42) and 5 (2-6) for bevacizumab and chemotherapy, respectively. The MPE RR reached 81.0%. The MPE control rate at 6, 12, 24, 48, and 96 weeks were 95.2%, 90.0%, 89.5%, 73.7%, and 43.8%, respectively. Median PPFS was significantly longer than PFS (22.2 vs. 7.8 months; P = 0.044), and median OS was 25.8 months. Nineteen (90.5%) patients experienced lung re-expansion after treatment. Only one (4.8%) patient suffered thoracic volume decrease during treatment and the follow-up period. No unexpected adverse events were observed. Conclusions: Bevacizumab combined with chemotherapy demonstrated efficacious, persistence, and safety in controlling lung cancer-induced MPE, indicating a potential superior therapeutic option.
Introduction
Malignant pleural effusion (MPE) is a common and devastating complication of advanced tumors. Lung cancer is the leading cause, accounting for about 35%. 1 MPE can cause significant symptoms, such as dyspnea, cough, and chest pain, and can result in a marked reduction in quality of life and a poor prognosis with survival of approximately six months. 2 In the past few decades, intrapleural therapy has been widely used for the treatment of symptomatic MPE. 3 Chest tube thoracostomy or pleuroscopy with subsequent chemical pleurodesis remain popular approaches for MPE management. 3 However, the general effect is dissatisfactory, with a short MPE response duration. Side effects including fever, chest pain, dyspnea, and thoracic volume decrease are usually observed. 4, 5 Studies on the mechanisms of MPE formation have made progress. VEGF is considered to be an essential intermediate in the development of MPE. 6 Both basic research and clinical studies have shown that decreasing the level of VEGF can control pleural effusion. [6] [7] [8] Bevacizumab, a humanized monoclonal antibody against VEGF, is reported to be effective in intrapleural therapy of malignant pleural fluid. 9 In previous reports from Japan, an intravenous injection of bevacizumab plus chemotherapy was also shown to successfully block the accumulation of MPE in advanced NSCLC, with an MPE response rate of 71.4% and MPE control rate of approximately 92%. [10] [11] [12] However, studies on long-term outcomes of bevacizumab therapy for the control of MPE have not been intensive.
In this study, we retrospectively investigate the short and long-term efficacy and safety of bevacizumab combined with chemotherapy in lung adenocarcinoma-induced MPE in a Chinese population, to seek a more efficient and safe therapeutic approach for the clinical management of cancer-associated pleural fluid.
Methods

Patient selection
The records of patients with advanced lung cancer with accompanying MPE who received bevacizumab combination chemotherapy between October 2007 and October 2016 at Beijing Chest Hospital, Capital Medical University, China were reviewed. Data were retrospectively collected from case records and radiographic imaging records. Inclusion criteria were: (i) histologically or cytologically documented advanced lung adenocarcinoma with symptomatic MPE; (ii) age ≥ 18 years, Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0-2, measurable lesion; (iii) adequate hematologic, hepatic, and renal function; (iv) normal or well-controlled blood pressure; (v) no history of grade ≥ 2 hemoptysis, thrombotic, or hemorrhagic disorders; and (vi) the absence of therapeutic anticoagulation, active central nervous system metastases, or major blood vessel invasion.
The Ethics Committee of Beijing Chest Hospital, China approved the protocol. The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was provided by all patients prior to study commencement.
Treatment
Chest tube drainage was performed on all patients. At the same time, patients received bevacizumab administered intravenously (15 mg/kg or 7.5 mg/kg, d1) in combination with one of the following chemotherapy regimens every three weeks: paclitaxel 175 mg/m 2 on d1 plus carboplatin AUC = 5 on d1 (TC regimen) or cisplatin 75 mg/m 2 on d1 (TP regimen); gemcitabine 1250 mg/m 2 on d1 plus cisplatin 75 mg/m 2 on d1 (GP regimen); or pemetrexed single-agent 500 mg/m 2 on d1 (P regimen). If there was no evidence of disease progression following a maximum of six cycles of bevacizumab plus chemotherapy, patients continued to receive single-agent bevacizumab until disease progression, unacceptable toxicity, or death.
Efficacy assessments
The volume of MPE and the size of measurable lesions were determined by computed tomography (CT) scan every six weeks. Three experienced oncologists independently performed efficacy evaluations. MPE response was determined according to previous studies, as follows. An MPE complete response (CR) was considered the complete disappearance of pleural fluid for four weeks; partial response (PR): a ≥ 50% decrease of accumulated fluid for four weeks, with improving symptoms; remission not obvious: (NC) a < 50% decrease of accumulated fluid; progressive disease (PD): an increase of accumulated fluid; response rate (RR): the percentage of CR + PR. 9, 12 The MPE control rate was defined as the percentage of patients who did not experience re-accumulation of pleural fluid for four weeks from the time of the catheter being removed, and lung re-expansion > 70%. 13 Pleural progression-free survival (PPFS) was defined as the interval from the day of treatment to the date of an increase in pleural effusion or the final follow-up date.
14 Progressionfree survival (PFS) was defined as the period between the date of treatment and the date of progression or death. Overall survival (OS) was considered the period from therapy to death or loss to follow-up. Tumor responses were assessed according to Response Evaluation Criteria in Solid Tumors Committee (RECIST) version 1.1. Tumor RR was defined as the percentage of CR + PR. Toxicity was graded based on the Common Toxicity Criteria for Adverse Events (CTCAE) version 4.0.
Statistical analysis
Data analysis was performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Kaplan-Meier plots were used to evaluate PPFS, PFS, and OS. Median PPFS and PFS were compared by log-rank test. The median values and 95% confidence intervals (CIs) are reported. Differences with a two-sided P value of < 0.05 were considered statistically significant. All analyses were cutoff on 31 December 2016.
Results
Patient and treatment characteristics
A total of 21 patients were enrolled. The patient characteristics are summarized in 
Short-term effect
The effect of the treatment on enrolled subjects was evaluated. The MPE and tumor responses are shown in Table 2 .
The MPE RR to therapy was 81.0% and the tumor RR was 42.9%.
Long-term effect
The median follow-up duration was 17.5 months. KaplanMeier curves showed a significant difference in PPFS and PFS (22.2 vs. 7.8 months; P = 0.044) (Fig 1) . (Table 3 ). Loculated effusion was discovered in three patients before treatment commenced. By the end of the six cycles, two out of three patients exhibited effusion disappearance, while the other patient experienced obvious effusion decrease. None of the patients developed new fluid loculation during the treatment process. Long-run radiological changes caused by bevacizumab plus chemotherapy are revealed in Figure 2 .
Toxicity Table 4 lists the adverse events experienced as a result of bevacizumab administration. Most adverse effects were < grade 3 and were reversible. Serious adverse events (SAE) were observed in two cases, with one cerebral infarction and one hemoptysis. No death related to toxic effects of the treatment occurred.
Discussion
It is important to control MPE induced by lung cancer. Bevacizumab has been reported to reduce the accumulation of MPE in animal models. 15 The use of bevacizumab with chemotherapy to treat MPE has been explored in smallscale clinical trials. [10] [11] [12] 16, 17 Although this therapy seemed effective, the long-term influence of combined therapy has not received sufficient attention. In this study, we assessed the efficacy and safety of intravenous bevacizumab plus chemotherapy in patients with MPE resulting from lung adenocarcinoma in order to determine an optimized scheme for controlling MPE.
In a previous study, we preliminarily reported an MPE control rate of 100% in 13 patients, with 5 (38.5%) CR and 8 (61.5%) NC. 18 The present study showed an MPE RR of 81.0% (n = 17), which suggests a good short-term effect. With regard to long-term influence, the data were inspiring. The MPE control rate was a high as 95.2% at six weeks. By the end of 48 weeks, it was still > 70%. Other studies have demonstrated the efficacy of chemotherapy 10 Another phase II study of bevacizumab with carboplatin-pemetrexed reported an MPE control rate without pleurodesis at 8weeks of 92.8%, similar to our findings at 6 and 12 weeks. 16 Previous research has reported median PFS without reaccumulation of MPE of 312 days (10.4 months), which was markedly shorter than our finding (mPPFS 22.2 months). 12 Median OS has also been reported as 11.7-18.6 months, which is also inferior to 25.8 months achieved in this study. 10, 16, 19 The probable reasons for these differences include: (i) the small sample size of all studies; and (ii) the proportion of EGFR-positive patients in our study (6/12) was larger than those in previous studies (1/15, 4/30, 2/13, and 4/19).
This study revealed promising antitumor synergy and a high MPE control rate after treatment with bevacizumab plus chemotherapy. One of the probable mechanisms of the synergistic effect of bevacizumab plus chemotherapy is based on the theory of bevacizumab-induced tumor vascular normalization, which is considered to decrease tumoral interstitial hypertension, subsequently enhancing efficacious delivery and the uptake of drugs. 20 A study from China showed that the use of paclitaxel and bevacizumab enhances the treatment effect in NSCLC patients with MPE. 17 Qi et al. reported that T1/2a (hour) of paclitaxel in pleural fluid samples were 4.58 AE 0.45 and 0.83 AE 0.05 in paclitaxel and paclitaxel/bevacizumab-treated patients, respectively (P < 0.01). 17 The results of T1/2b (hour) of paclitaxel were 17.41 AE 1.12 and 51.35 AE 3.67 in the same groups, respectively (P < 0.01). Thus, pharmacokinetics for the combined treatment displayed a rapid distribution of the anticancer drug with an obvious increase in its elimination half-life in the pleural fluid. 17 Another possible mechanism lies in the efficacy of bevacizumab for inhibiting VEGF angiogenesis, which might suppress vascular permeability and cell proliferation. 10 In one of the abovementioned phase II studies, patients received carboplatin/ paclitaxel in the first cycle and carboplatin/paclitaxel with bevacizumab in 2-6 cycles. 10 The median plasma VEGF levels significantly decreased after three chemotherapy cycles (baseline 513.6 AE 326.4 pg./mL; post-chemotherapy 25.1 AE 14.1 pg./mL; P < 0.01).
The results in this study indicate that patients developed MPE progression much later than they developed tumor progression (mPPFS 22.2 vs. mPFS 7.8 months; P = 0.044). Therefore, it was concluded that bevacizumab therapy was beneficial and sustained activity to control MPE. In addition, anti-VEGF therapy may be more effective for malignant effusion than for measurable tumors.
11
To date there are no standard criteria to evaluate response in patients with MPE. In the past decades, successful pleurodesis, that is, no significant radiological effusion recurrence and no further ipsilateral pleural intervention, were regarded as evaluation criteria. 1, 21 Recent trials have incorporated lung re-expansion into their endpoints. 13 Demmy et al., who conducted the CALGB 30102 study, considered that lung re-expansion ≥ 70% would improve lung function. 13 In addition, Davies and Lee proposed that "patient-related outcome measures" should first be taken into account, which includes persistent symptom relief, elevation of quality of life, and reducing hospitalization. 22 Therefore, in the present study, we defined lung reexpansion ≥ 70% as one of the criterion of MPE control. In addition, we adopted several observation items, such as MPE control rate, MPE response at the time of tumor PD, and rate of thoracic volume decrease, in order to comprehensively evaluate the long-term efficacy of bevacizumab combined with chemotherapy to control MPE and the effect of this kind of therapy on patients' respiratory function.
In this study, lung re-expansion ≥ 70% occurred in 19 cases (90.5%), and only one patient (4.8%) suffered from thoracic volume decrease. Fourteen out of of 19 (73.7%) patients achieved MPE control by 48 weeks without developing marked pleural thickening or thoracic alterations, which freed them from the symptoms of dyspnea and chest pain. In our study, combined therapy led to disappearance of loculated effusion in two out of three patients, the remaining patient exhibited effusion decrease. Loculated effusion commonly develops from NSCLC or traditional therapy, such as therapeutic thoracentesis or pleurodesis, which can make further thoracentesis or subsequent pleurodesis difficult.
2 Thoracoscopy or surgery is theoretically feasible to exploring the mechanisms and treatment. However, as bevacizumab is associated with a higher risk of bleeding, thromboembolic events, wound healing delay, and so on, invasive procedures are not recommended during the course of bevacizumab administration. In addition, the management options for loculated effusion are restricted by symptoms, performance status, and expected survival, as well as the social and financial status of patients. 2 Therefore, in the past, patients with loculated effusion suffered unalleviated symptoms and poor prognosis. On the one hand, it is difficult to deal with atelectasis, fluid loculation, and pleural adhesion caused by traditional intrapleural therapy in clinical practice. On the other hand, loculated effusion, thoracic volume decrease, and pleural thickening as a result of pleurodesis usually lead to the impairment of pulmonary function, which reduces patient quality of life. 4, 5, 23 The results of our study show that intravenous bevacizumab plus chemotherapy not only had little effect on the thoracic cage, but also avoided the need for invasive procedures and facilitated lung recruitment, which were beneficial to pulmonary function and life quality. This study had certain limitations. It was a retrospective study, with a small sample size, no control group, and no detection of biomarkers predicting efficacy and safety. Pleural VEGF level is reportedly significantly higher in lung cancer than in benign pleural effusion. 7 Some reports have considered that VEGF levels in plasma or pleural effusion are associated with PFS and OS. 19 However, there is a lack of definite effective predictors in clinical studies on bevacizumab. We plan further study to collect both blood and pleural effusion specimens and detect biomarkers, such as VEGF and PD-L1, in order to determine potential predictive or prognostic factors and screen appropriate patients. With the widespread use of bevacizumab in NSCLC treatment, further prospective study with a larger number of cases and control groups is expected.
In conclusion, bevacizumab combined with chemotherapy provided efficacious, persistent, and safe therapy for patients with MPE caused by lung adenocarcinoma. With intravenous administration, patients not only avoided the invasive procedure of intrapleural local therapy and its side effects, but also received chemotherapy as scheduled. As a result, better responses to therapy and improved quality of life were achieved in most patients. Intravenously bevacizumab plus chemotherapy is an ideal options for patients with lung adenocarcinoma who develop MPE. 
